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* composition and an electric wire or cable 

© A semi-conductive composition having an unobviously 
constant resistivity over a wide temperature range along with 
excellent deformation resistance, strength, toughness and 
moisture pick-up resistance comprises a selectively hydroge- 
nated thermoplastic elastomeric block copolymer of a mono- 
alkenyl or monalkenylidene arene and a conjugated diene, an 
essentially crystalline polypropylene, a hydrocarbon oil and a 
conductive carbon black having an Nj-adsorption surface 
area of greater than 800 rnVg and a pore volume of greater 
than 300 ml/100 g. 

Such compositions are especially superior for use as 

5F» i eemf^onductive insulators for electrical conductors designed 

<£jto carry electric current under a high voltage. 
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coated with such a composition. 
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A SEMI-CONDUCTIVE COMPOSITION AND AN ELECTRIC 
WIRE OR CABLE COATED WITH SUCH A COMPOSITION 

The invention relates to a semi-conductive composition suit- 
able for wire coating, which comprises a thermoplastic elastomer, 
a crystalline polypropylene, and a conductive carton black. 
Further the invention relates to an electric wire or cable coated 
5 with such a composition. 

Electric wires and cables that are designed to carry electric 
current under a high voltage usually comprise a core conductor 
which comprises one or more strands of a conductive material or 
alloy such as copper or aluminium, a semi-conductive layer, a 

10 layer of insulation, a second layer of a semi-conductive material 
and the jacket. The purpose of these semi-conductive layers is to 
drain off static electric charges or fault currents and to prevent 
corona deterioration of the insulation. 

Semi-conductive compositions which are used as shielding 

15 materials for electrical conductors in high voltage wire and cable 
usually have been formed from ethylene polymers and conductive 
carbon black (cf. U.S. patent specification No. 3,591,871). These 
compositions possess the shortcoming that their resistivity 
changes with temperature, with temperature cycling and with 

20 flexing. The compositions disclosed in U.S. patent specification 
tfo. 3,591,871 are deficient because of the large amount of carbon 
black required. In addition, these known compositions suffer from 
a low deformation temperature, if processable. 
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Now, in accordance with, the invention a semi-conductive con*- 
position is provided, which comprises: 

{a) 100 parts by weight of a selectively hydrogenated thermo- 
plastic elastomeric "block copolymer having at least two 
5 terminal non-elastomeric polymer blocks A of a monoalkenyl 

or monoal kenylidene arene and at least one intermediate 
elastomeric polymer block B of an aliphatic conjugated 
diene hydrocarbon, each polymer block A having a number 
average molecular weight in the range of from 5,000 to 

10 125,000, no more than 25? of the aromatic double bonds of 

polymer block A being hydrogenated, the polymer blocks A 
constituting from 8 to 55% by weight of the total block 
copolymer, each polymer block B having a number average 
molecular weight in the range of from 10,000 to 300,000 and 

15 at least 80% of the aliphatic double bonds of polymer block 

B being hydrogenated; 

(b) from 50 to 150 parts by weight of an essentially crystalline 
polypropylene having a melting point greater than 160°C; 

(c) from 0 to 150 parts by weight of a hydrocarbon oil, and 
20 (d) from 5 to 50 parts by weight of a conductive carbon black 

having an ^-adsorption surface area of greater than 800 m /g 

and a pore volume of greater than 300 nil/ 100 g. 

Semi-conductive compositions according to the invention 
possess an unobviously constant resistivity over a wide temper- 
25 ature range, an excellent deformation resistance, strength, tough- 
ness and moisture pick-up resistance. 

The resistivity versus temperature relationship is shown in 
Figure 1, in which the direct current volume resistivity expressed 
in Ohm-centimetre is plotted on the Y-axis and the temperature 
30 expressed in degrees centigrade is plotted on the X-axis. In 
Figure 1 , A represents a curve for composition A which is a 
commercially available semi-conductive composition for wire 
coating comprising predominantly carbon black and a vulcanizable 
ethylene copolymer, and 1 and 2 represent curves for compositions 
35 1 and 2 which are compositions according to the invention. As . 
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appears from Figure 1, composition A shows a dramatic increase in 
resistivity as the temperature increases "beyond 70°C. Contrary to 
this known semi-conductive one, compositions 1 and 2 which are 
ones according to the invention reveal a much more constant 
5 relationship between resistivity and temperature. In fact, 

composition 2 surprisingly shows a reduction in resistivity with 
increased temperature . 

The block copolymers present in the compositions according 
to the invention may be linear s radial or branched. Methods for 

10 the preparation of such polymers are known in the art. Particular 
reference will be made to the use of lithium-based catalysts and 
especially lithium-alkyls for the preparation of the precursor 
polymers (polymers before hydrogenation) • The structure of the 
polymers is determined by their methods of polymerization. For 

15 example, linear polymers result by sequential introduction of 
the desired monomers into the reaction vessel when using such 
initiators as lithium-alkyls or dilithio-stilbene, or by coupling 
a two-segment block copolymer with a difunctional coupling agent. 
Branched structures, ai the other hand, may be obtained by the use 

20 of suitable coupling agents having a functionality with respect 
to the precursor polymers of three or more* Coupling may be 
effected with multifunctional coupling agents, such as dihalo- 
alkanes or -alkenes and divinyl benzene as well as certain polar 
compounds, such as silicon halides, siloxanes or esters of mono- 

25 hydric alcohols with carboxylic acids. The presence of any 

coupling residues in the polymer may be ignored for an adequate 
description of the polymers forming a part of the compositions 
of this invention. Likewise, in the generic sense, the specific 
structures also may be ignored. The invention applies especially 

30 to the use of selectively hydrogenated polymers having the con- 
figuration before hydrogenation of the following species: 
poly styrene-polybutadiene-poly sty rene (SBS ) 
polystyrene-polyisoprene-polystyrene (SIS) 
poly(alpha-methylstyrene)-polybutadiene-poly(alpha- 

35 methylstyrene) and 
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poly ( alpha-methyls tyrene ) -poly i sopr ene-poly ( alpha- 
methylstyrene ) 

It will be understood that "both polymer blocks A and B may be 
either homopolymer or random copolymer blocks as long as each 
block predominates in at least one class of the monomers charac- 
terizing the blocks. Polymer block A may be a polymer block of 
styrene or of its analogue or homologue, e.g. alpha-methylstyrene 
or a ring-substituted styrene, particularly a ring-methylated 
styrene, preferably of styrene. The polymer blocks B may be homo- 
polymer blocks of butadiene or isoprene and copolymers of one 
of these two dienes with a monoalkenyl arene as long as the polymer 
blocks B predominate in conjugated diene units. When the monomer 
employed is butadiene, it is preferred that between 30 and 60 
mol.jS of the condensed butadiene units in the butadiene polymer 
block have 1 ,2-configuration. Thus, when such a block is hydrogen- 
ated, the resulting product is, or resembles, a regular copolymer 
block of ethylene and butene-1 (EB) . If the conjugated diene 
employed is isoprene, the resulting hydrogenated product is or 
resembles a regular copolymer block of ethylene and propylene (EP) . 

Hydrogenation of the precursor block copolymers is preferably 
effected by use of a catalyst, comprising the reaction products of 
an aluminium alkyl compound with nickel or cobalt carboxylates or 
alkoxides under such conditions as to substantially completely 
hydrogeiiate at least 80% of the aliphatic double bonds of polymer 
block B while hydrogenating no more than 25% of the aromatic 
double bonds of polymer blocks A. Preferred block copolymers are 
those where at least 99% of the aliphatic double bonds of polymer 
block B are hydrogenated while less than 5% of the aromatic double 
bonds of polymer blocks A are hydrogenated. 

The number average molecular weights of the individual polymer 
blocks may vary within certain limits. The terminal non-elastomeric 
polymer blocks A have number average molecular weights in the range 
of from 5,000 to 125,000, preferably from 7,000 to 60,000 while 
the intermediate elastomeric polymer blocks B have number average 
molecular weights in the range of from 10,000 to 300,000, prefer- 
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ably from 30,000 to 150,000. The total number average molecular 
weight of the block copolymer is preferably in the range of from 
25,000 to 350,000, preferably from 35,000 to 300,000. These 
molecular weights are most accurately determined by tritium 
5 counting methods or osmotic pressure measurements. 

The proportion of the terminal non-elastomeric polymer 
blocks A should be between 8 and 55# by weight, preferably between 
10 and 30% by weight, of the total block copolymer. 

The types of hydrocarbon oils useful in the composition ac- 

10 cording to the invention may be those oils ordinarily used in the 
processing. of rubber and plastics, e.g., rubber-extending oils. 
Especially preferred are the types of oil that are compatible 
with the elastomeric polymer block of the block copolymer. While 
oils of higher aromatics content are satisfactory, those petroleum- 

15 based white oils having low volatility and less than 50% aromatics 
content as determined by the clay gel method of tentative ASTM- 
method D 2007 are particularly preferred. The oils may additionally 
have low volatility, preferably having an initial boiling point 
above 260°C. The amount of oil present in the composition ac- 

20 cording to the invention varies from 0 to 150 phr (parts by weight 
per hundred parts by weight of block copolymer), preferably 75 to 
125 phr. 

The polypropylene present in the composition according to the 
invention is the so-called isotactic polypropylene as opposed to 

25 atactic polypropylene. The number average molecular weight of the 
polypropylene is preferably in excess of 100,000 and the melting 
point is greater than 160°C. The polypropylene may be prepared in 
any suitable manner. Depending on the specific catalyst and 
polymerization conditions employed, the polymer produced may 

30 contain atactic as well as isotactic, syndiotactic or so-called 
stereo-block molecules. These may be separated, if desired, by 
selective solvent extraction to yield products of low atactic 
content that crystallize more completely. The preferred commercial 
polypropylenes are generally prepared using a solid, crystalline, 

35 hydrocarbon-insoluble catalyst made from a titanium trichloride 
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composition and an aluminium alkyl compound, e.g., triethyl 
aluminium or diethyl aluminium chloride. If desired, the poly- 
propylene employed may he a copolymer containing minor ( 1 to 20 
percent hy weight) amounts of ethylene or other alpha-olefin 
5 comonomers. The amount of the polypropylene present in the 
composition according to the invention varies from 50 to 150 
phr, preferably from 75 to 125 phr. 

The type of carbon black employed in the composition ac- 
cording to the invention is critical. By employing this 
10 particular carbon black it is possible to employ lower amounts 
of carbon black, therein permitting significant improvements in 
the properties of the blend. The carbon black employed herein 

should have an N 0 -adsorption surface area of greater than 800 

2 

square metres per gram (m /g) compared to values of less than 
o 2 » 

15 600 m /g for certain channel black and less than 300 m /g for 

certain furnace blacks and acetylene blacks. In addition, the 

pore volume should be greater than 300 millilitres per 100 grams, 

which value is greater than other commercial carbon blacks. A 

very useful carbon black is "KETJHIBLACK" EC carbon black, which 

20 is a highly conductive, non-reinforcing furnace type carbon 
black. The amount of carbon black present in the composition 
according to the invention varies from 5 to 50 phr, preferably 
from 20 to kO phr. 

Other additives, such as extenders, anti-oxidants, copper 

25 stabilizers, U.V. stabilizers, and other additives may also be 

added. The additives that can be incorporated should be selected 
from those whose electrical properties are such as will not 
materially reduce or impair the electrical properties of the 
composition. The amount of such additives included in the com- 

30 position will, of course, depend upon the particular block co- 
polymer being employed and the ultimate use being made of the 
composition. 

* The various components may be combined in any suitable manner 
including solution blending, melt blending, and dry blending. The 
35 conditions according to the invention may then suitably be 
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employed as semi-conductive vire coatings. These compositions are 
especially superior for use as semi-conductive insulators for 
electrical conductors not only "because of their superior 
electrical properties, but also for their high degree of adherence 
5 to metallic surfaces without special treatment of such surface. 
The electrical conductors usually employed with the compositions 
according to the invention are metallic wires, such as copper, 
silver, aluminium, and alloys thereof. 

The invention is further illustrated by reference to the 
10 following Examples, which are presented for the purpose of 

illustration only, and tie invention is not to be limited to the 
particular ingredients and operating conditions disclosed. 
EXAMPLE I 

Two semi-conductive compositions were prepared. In both 
15 cases the block copolymer was a selectively hydrogenated styrene- 
butadiene-styrene block copolymer, the oil was a standard hydro- 
carbon rubber processing oil, the polypropylene was essentially 
crystalline polypropylene and the carbon black was "KETJENBLACK" 
EC carbon black. The relative amounts of the ingredients are 
20 listed below in parts by weight: 





No. 1 


Ho. 2 


Block copolymer 


100 


100 


Oil 


2 


100 


Polypropylene 


100 


100 


Carbon black 


28 


28 


Additives 


2 


2 


Total 


232 


330 



The resulting compositions were subjected to a variety of 
standard electrical tests. The resistivity in Ohm-centimetres was 
30 measured at various temperatures and the values plotted in 
Figure 1 . Composition A is a known semi-conductive material 
comprising primarily carbon black and a vulcanizable ethylene 
copolymer. As seen in Figure 1, contrary to the known one, the 
compositions according to the invention possess a relatively 
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constant level of resistivity at variciu temperatures. 

The def .rmation cf the ecrirositicns 1 and 2 under 2,C0.v --rani 
vei.ih: vac :.v.a.:U2v.i at various i^nipcraiures . Tin values bclov, 
reverted as a }:erce::taje, reveal the excellent defoliation 
^araot eristics cf the rre^cir. ecr.:j osi tions: 

^:::ycsitio:: Bo. 1 So. 2 

r.-fe—aiicr. at c \\ ~ 2.2 U.7 

IwV 1.1 7.0 

12G°J 2.: 10.0 

I:: adii: ion, th-:? de~. i;y.;r-:;eer.ee of the c .rnpestiens 1 and 2 
in cortr arisen vith that cf a >::rv:. r^nii- conductive composition B 
vere measured at 2i^C and SC.; relative hicsidity as a function of 
tir.e. In Figure 1, td-e ncisvure expzvssed in percentages rained 
ly the co-ipositi in under exar.i nation is plotted on the Y-axis 
and the lire expressed in fcourr i j r letted cn the X-*ixis. The 
result? of the r.:a£?»are*v--nt5! cf th;- del i qu^-s eon ^ of the co:n- 
rcsiticr. 5, 1 and 2 are representee: cy the curves ^, 1 and 2, 
respectively . As arrears frcn Figure 2, the compositions 1 
ana 2 possess excellent resistance to rr.oisture pick-up . 
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C L A I M S 

1 . A semi-conductive composition suitable for wire coating, 
which comprises a thermoplastic elastomer, a crystalline poly- 
propylene, and a conductive carbon black, characterized in that 
the composition comprises: 

(a) 100 parts by weight of a selectively hydrogenated thermo- 
plastic elastomeric block copolymer having at least two 
terminal non-elastomeric polymer blocks A of a mono- 
alkenyl or monoalkenylidene arene and at least one inter- 
mediate elastomeric polymer block 3 of an aliphatic 
conjugated diene hydrocarbon, each polymer block A having 
a number average molecular weight in the range of from 
5,000 to 125,000, no more than 25;" of the aromatic double 
bonds of polymer block A being hydrogenated, the polymer 
blocks A constituting from 8 to 555 by weight of the total 
block copolymer, each polymer block B having a number 
average molecular weight in the range of from 10,000 to 
300,000 and at least 805 of the aliphatic double bonds 

of polymer block B being hydrogenated; 

(b) from 50 to 150 parts by weight of an essentially crystalline 
polypropylene having a melting point greater than 160°C; 

(c) from 0 to 150 parts by weight of a hydrocarbon oil, and 

(d) from 5 to 50 par^s by weight of a conductive carbon black 
having an Ng-adsorptior: surface area of greater than 800 m 2 /g 
and a pore volume cf greater than 300 ml/ 100 g. 
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2. A semi -conductive composition as claimed in claim 1, charac- 
terized in that less than 5% of the aromatic double "bonds of 
polymer "blocks A and at least 99% of the aliphatic double "bonds 
of polymer block B are hydrogenated. 

3. A semi-conductive composition as claimed in claim 1 or 2, 
characterized in that the terminal non-elastomeric polymer blocks 
A have number average molecular weights in the range of from 
7,000 to 60,000, their proportion is between 10 and 30$ by weight 
of the total block copolymer, and the intermediate elastomer ic 
polymer block B has a number average molecular weight in the 
range of from 30,000 to 150,000. 

k. A semi-conductive composition as claimed in any one of the 
preceding claims, characterized in that the hydrocarbon oil is 
a petroleumr-based white oil having an initial boiling point 
above 260°C and less than 50% aromatics content as determined 
by the clay gel method of tentative ASTM-method D 2007* 

5. A semi-conductive composition as claimed in any one of the 
preceding claims, characterized in that the amount of the 
hydrocarbon oil is in the range of from 75 to 125 parts by 
weight per 100 parts by weight of block copolymer. 

6. A semi-conductive composition as claimed in any one of the 
preceding claims, characterized in that the amount of the poly- 
propylene is in the range of from 75 to 125 parts by weight per 
100 parts by weight of block copolymer. 

7. A semi-conductive composition as claimed in any one of the 
preceding claims, characterized in that the amount of carbon 
black is in the range of from 20 to Uo parts by weight per 

100 parts by weight of block copolymer. 

8. An electric wire or cable coated with a semi-conductive 
composition as claimed in any one of the preceding claims. 
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